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' SYSTEMATIC VARIATIONS OF INSTRUCTIONAL VARIABLES
ON LEARNER PERFORMANCE: AIRCRAFT INSTRUMENT COMPREHENSION TASK

Although many instructional variables have been shown to facilitate
learning, few of these variables appear to make a consistent contribution
to learner performance under a Qariety of instructional conditioﬁs. And,
the lack of comparability across studies that have attempted to examine the
effects of these variables makes it difficult to determine the contribution
of each of these variables to the effectiveness of instructional materials
and procedures. The present research bridges this gap in conventional
instructional research by systematically manipulating potentially powerful
variables under a common set of experimental procedures.

The primary focus of the present research is to determine '"what works
in effective instruction." The fundamental emphasis of the present ap-
proach is upon using effective instruction as the research vehicle for
determining the variables of which instructional effectiveness is a func-
tion. The overriding emphasis of previous instructional research efforts
has been upon the variables per se, with 1ittle regard for carefully de-
fining the experimental task and then providing methods and materials that
ensure learner proficiency on the task. In contrast, the present research
strategy employs a systematically developed instructional program of
empirically established effectiveness. Two tryouts of the aircraft instru-
ment comprehension program were conducted to verify its effectiveness in
consistently producing criterion-level proficiency in target population

learners. The program is designed to train learners to identify which one

6 10




of four pictures of aircraft in flight most nearly corresponds to the posi-
tion indicated on a panel of attitude and heading instruments. For each of
the three positional concepts taught in the program (rol1, pitch, and
heading), instruction consists of providing the learner with the rule for
ide tifying examples of the concept, along with approximately five examples
of the concept. Practice exercises require the learner to identify the
picture of an aircraft that most closely approximates the position of the
aircraft represented by the attitude and heading instruments. Learners re-
sponding to each practice exercise receive immediate feedback for their
responses in the form of kniwledge of correct response.

Using the aircraft instrument comprehension task, the individual and
combined effects of practice, incentive, instruction, and feedback on
learner posttest performance were investigated in a series of four facto-
rial studies. Two distinct learner populations, AFROTC cadets and graduate
education students, were studied in isolating the effects of these vari-
ables. Learner posttest performance was reflected by two measures:
accuracy, or the number of correct responses emitted, and time required to
respond to all items on the posttest.

It was expected that the output of this line of research would result
in an increased knowledge of the individual and combined effects of vari-
ables that are under the control of the instructional deye]oper. This
knowledge should facilitate future attempts at designing instructional pro-
ducts that are both effective and efficient in producing desired learning

outcomes.




EFFECTS OF PRACTICE AND INCENTIVE
EXPERIMENT I

z

Experiment I was conducted to determine the individual and combined .
effects of practice and incentive in facilitating learner posttest perform-

ance on the aircraft instrument comprehension task.
Method

Subjects--Forty-eight male Air Force Reserve Officer Cadets enrolled

in their third y2ar of studies at Arizona State Uriversity served as the ‘
subjects in this study. A1l cadets in the stu&y had previously taken the _ f
Air Force Officer Qualifying Test.

Materials--Variations of the self-instructional materials were studied.
The program was designed to achive the following instructional objective:
Given four illustrations of aircraft in roll, pitch, and

heading, the student will identify <he illustration that most

nearly represents the position indicated on a compass a:id an . :
artificial horizon. An acceptable performance will consist i
of identifying at least 90% of the correct response alterna- ) “
tives on a 36-item instrument comprehension test.

Instructions in the program consisted of one instructional cde and

three examples for each of the three concepts presented: pitch, pank, and

heading. Eight examples were alsq nresented in which these concepts were

combined. Practice consisted of ore to four practice items for each concept,.
followed by additional 10 practice items at the end of the program. All
practice items reqyiréd Ss to identify which of two or more drawings of an ,
aircraft in flight most nearly represented the position shown on an attitude
indicator and a heading indicator. Sample instructional materials are con-
tained in Appendix A; sample practice items may be found in Appendix B.

8
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fUpoh‘COmpTetich of -each practice item, feedback was available to S by

movxng a paper- sl1de.

Procedure--Ss were assigned to. treatment groups by a procedure that

made at uu11ke1y that Ss in the no incentive: cond1t1ons were informed of

the 1ncent1ve being used in other groups. Slnce Ss attended classes in

four d1fferent sect1ons ‘that met on two consecut1ve days, all Ss 1n the

-

flrst two sect1ons were ass1gned to the no 1ncent1ve cond1t1ons, and all Ss

1n the subsequent two sections were ass1gned to the 1ncent1ve conditions.
H1th1n -each class section, -half of the Ss were random]y ass1gned to the
jgﬁ§ctige;cond1t1ons, and the rema1n1ng half were ass1gned randomly to- the
—ndvpféétfce conditions. ‘

A1l Ss were administered a p?etesi one week prior to initiating the
experiment. Ss were allowed a maximum of three m1nutes to complete the
nine prétest items. During each experimental session, S read the instruc-
tional materials and responded to items on a posttest. A proctor displayed
the time on-8%" x 11" cards at-the front of the room at 0.25 minute inter-
vals throughout the experimental session. Ss were instructed to complete
the instructional booklet assigned to them, and to record their completion
times for the inétructioha] booklets. Proctors collected the booklets as
the Ss finished them. The p;sttest,was administered after all Ss had com- -
pleted the instructional booklets. Ss were again asked to record their com-
pletion times, and the test booklets were collected as each S finished.

Ss in the incentive conditiops received written instructions located
at the beginning of their instructional booklets indicating that they could

garn up to nine quiz points on their course grade by responding accurateily

to the items on the posttest. In addition, the instructions indicated that




* the four cadets who responded to the posttest items with the greatest
-accuracy, and in the least amount of time, would have an opportunity to
“fly" a formation trainer at Williams Air Force Base, Arizona. Instruc-

tions to Ss in the no incentive conditions simply stated that their grades

in the course would not be affected by their participation in t.e "tryout"
-and that the developers of the self-instructional program would "appreciate
their best efforts." -

) §§ in the no practice conditions received instructional booklets in
which all practice items were deleted from the program. Booklets. for each
S in this condition contained only the instructional cues aﬁd examples for
each concept taught in the program. The booklets for Ss in the practice
conditions contained approximately twice as many pages as the booklets that
did‘not include practice %tems.

Criterion Measures--The posttest contained directions, a sample test

item, and 36 multiple-choice items. Appendix C contains a sample test item.
A1l test items required S to identify which cne of four drawings of an a%r-
craft in flight most nearly represented the position shown on an attitude
indicator and a heading indicator. A pretest consisting of nine items
selected to be representative of items on the posttest was also employed.
The test item pool consisted of 72 different positions of an aircraft
in flighi. Three dimensions of the aircraft's position (pitch, roll, and
heading) were systematically varied to create the item pool. Three levels
of pitch were used: Tlevel, climb, and dive. Three levels of rotl were
used: no bank, 30° right bank, and 30° left baqk. Eight levels of heading

" were used: four primary compass headings (N, S, E, W) and four intermedi-

ate compass headings (NE, SE, NW, SW). As described in the validation
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report (Higgins, Kearns, and Tenpas, 1974), the posttest items were
systematically selected to reprasent equally the variations in heading,
p1tch and roli.

In addition to recording the number of correct responses emitted by
each S on the posttest, the amount of time that S requirad to complete the
jtems on the posttest was recorded to the nearest 0.25 minute. This was
accomplished by noting the simultaneous starting time cf all Ss and re-
quiring each S to record on his answer sheet the time shoyn on a card held
by a proctof at the front of the room. Anecdotal observations by two other
proctors in fhe room indicated that S's se]f-record{ngs were veridical.

Data Analyses--The pretest-treatment-posttest experimental arrangement

constituted a 2 x 2 factorial design with 12 Ss in each of the four cells.
Analyses of variance were made o determine the individual and combined
effects of practice and incentive on posttest scores and posttest times.

Each analysis was evaluated at the .05 level of confidence.
Results

An analysis of scores on the 9-item pretest reveaied that the mean
scores across the treatment groups varied less than 0.25 points from the
overall mean pretest score of 6.25 (Table 1).- As can be seen from Table 2,
these differences were not statistically significant. These results add
confidence to our assumption of equivalence across treatment groups with
respect to S's entry skills on the experimental task.

The mean pogttest scores of the treatment groups (Table 3) were all
within one-point of the overall mean score of 33.31. F-ratios for incen-

tive, practice, and the practice X incentive interaction were not

1
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TABLE 1

32 425;:f_3éaD‘Pretest Scores (number ccrréét.of 9 possible points) by Treatment

Incentive

Practice

"Practice

No Practice

Totals

Incentive
o Incentive

Tatals

6.42
6.25-
6.33

6.08
6.25
6.17

6.25
6.25

6.25

TABLE 2

Analysis of Variance: Pretest Scores

Source of Variation

A

F-Ratio

- Incentive
Practice
Incentive X Practice

Within

200.33 44

0.00  0.00
.33 .07
.33 .07

NS*
NS
NS

*NS = Not Significant

12
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TABLE 3

Posttest Mean Scores (nuiber correcf of 36 possible points) by Treatment

Within

‘ Practice
Incentive . Totals
Practice No Practice
Incentive 33.33 32.42 32.88
No Incentive 33.50 34.00 33.75
- Totals. 33.42 - 33.21 33.31
]
TABLE 4
Analysis of Variance: Posttest Scores
Source of Variation SS df M F-Ratio
Incentive 9.19 1 .9.19 1.12 NS
Practice .52 1 52 .06 NS
Incentive X Practice 6.02 1 6.02 .73 NS




statistically significant (Table 4). A performance gain was observed be-
%ween the pretest scores and the posttest scores. On the pretest, Ss
answered.a mean of 69.4% of the items correctly; Ss answered a mean of

) 92 5% of .the items correctly on the posttest.

Mean posttest times by treatment are reported in Table 5. Posttest time

differences were analyzed using an analysis of variance, as shown in Table
R 6. Statistically significant differences were found for both practice
Z(ﬁ?_ 22.3, df = 1/44, p < .001) and for incentive (F = 15.4, df = 1/44,
p< .001). The practice X incentive interaction was not significant.

;E . A further analysis was made to determine whether the experimenti1l

;F variations facilitated attainment of the task objective. The objective
;5{' indicated that Ss should be able to respond accurately to at least 90% (or,
32 out of 36) of the items on the posttest. MNo appreciable variation in
the number of Ss who exceeded this performance level was observed that
might be attributed to either practice or incentive. However, an increase
in the number of Ss exceeding the 90% performance leyel on the pretest,
while 81% exceeded this level on the posttest. Of the 12 Ss in the treat-
ment group that received neither practice nor incentive, 4 (33%) of the Ss
exceeded the prespecified 90% peﬁformance level on the pretest, but 10

- (83%) of the Ss attained the objective on the posttest.

Nr Ak ey, o ks

i Discussion

Experiment I was conducted to determine the individual and combined
effects of practice and incentive in faci]iiating learner posttest perform-

ance on the aircraft instrument comprehension task. The results indicated

14 48

Ss spent differential amounts of time answer1ng items on the posttest.




TABLE 5

Mean Posttest Times (minutes) Treatment

" Practice

. Incentive -

Practice No Practice Totals

" Tficentive 5.98 . 8.3
No-Inceéntive 7.79 9:60.

Totals: : 6.88 . 8.8

TABLE 6

Analysis of Variance: Posttest Times

Source of Variation $$ df Ms F-Ratio

Incentive 32.50 1 32.50 15.42*
practice 47.00 1 47.00 22.31*
Incentive X Practice 0.09 1 0.09 0.04
Within 93.02 - 44 2.1

*p < .001

15
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that ne1ther variable significantly affected the. accuracy, of‘posttest per-
‘T fbrmance Ss 1n the treatment group that s1mp1y read the instructional
materlals had a mean. score of 34 on the 36-1tem posttest Such. a high mean
a posttest score created a ce1]1ng effect that Teft Tittle room for 1mprove-
ment that could be attributed to e*cher practlce or 1ncent1ve. That 1s,

‘ "the 1ncrease that was. ‘observed between pretest and posttest scores appeared
19 be attr1butab1e to the 1nstruct1ona1 mater1als per_se; the exper1menta1
var1ab1es had little effect in control]1ng the accuracy of posttest perform
ance. A]so, a pretest-posttest compar1son of the number of subjects
attaining. the objective showed an 1ncrease that appeared to be attributable
to the instructional materials.

An ahalysis of the time required for 1earners’to complete the posttest

éhdwed'a different picture. The amount of time required for learncrs to

complete‘the posttest’was significantly reduced both by the incentive that
was offered, and by the practice provided in the instructional program. In

addition to being a criterion measure that appears less susceptible to the

: ceiling'effects imposed by posttest scores, posttest time may have ccnsider-.

able external validity with respect to pilot training. Indeed. the speed
-with which an individual can accurately read and respond to instruments may

prove an’important predictor of later pilot effectiveness. )

-
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EFFECTS OF INSTRUCTION {\ND,?EEDBACK CONTLNGENCY -
« - EXPERIMENT II
ﬁrev{ouS~studies indicate that feedback in the form of know]edge(of
,tthe correct response (KCR) does. not enhance 1earner performance’ on the air-
xcraft lnstrument comprehens1on task beyond that attributable to 1nstruct1on ’
alone. Also, the resu]ts of Experiment. I suggcsted that 1nstruction jgg;;L;'
is the maJor factor contro111ng Jearner posttest accuracy scores . However,
bjthese studles ut111zed a -paper slide device to -present KCR, and many of the.
1earners were observed to- 1gnore the slide and proceed through the program
aw1thout rece1v1ng ‘feedback. It is 1ndeed«pOSS1b1e that KCR fai]ed to
s1gn1f1cant1y:enhance 1earner performance s1mp1y because the 1earners found
it "inconven1ent" to move the paper slide in-order to obtain this feedback
The purpose of Exper1ment II was to determine the individual and com-
bined-effects of instruction and the contingencies for obtaining feedback
on learner posttest performanée. Also, in order to reduce the ceiling
effect that was observed with posttest scores in Experiment I, an effort
was made to procure learners that were expected to be less skilled at the
aircraft instrument comprehension task than AFROTC cadets. Two levels of
instruction were examined: instruction and the absence of instruction.
The two types of feedback contingencies employed in the‘studx.were KCR re-
- ceived immediately contingent on responding to practice exercises, and KCR

received contingent on moving a paper slide device to reveal the correct

response after responding.

-




Method

Subjects--Thirty-six Arizona State University graduate education stu-
dents enrolled during the spring semester of 1974 served as the subjects in
this study. ’

Materia]s--jhe aircraft instrument comprehension prograini .described in
Experiment I was used. Half of the Ss marked their prdgram responses on
- chemically treated answer sheets (A. B. Dick Company) designed to provide
KCR. A latent image in the form of an "X" appeared immediately when S
touched the appropriate space with the special pen provided. Program re-
sponse sheets and marking pens appeared identical for ali §§; regardless of
the experimental condition. Ss who did not receive the chemically treated
answer sheets were required to manipulate a paper slide device in order to
obtain KCR.

Procedure--Ss were informed that their participation in the "tryout”
was appreciated and that the developers of the se]f-instructionaL program
would “"appreciate their best efforts.” Other than an attempt to appeal to
the education majors' interest in the quality of instructional products, :..
extrinsic incentives were offered contingent on learner performance. Also,
Ss were assumed to be naive with respect to the aircraft instrument compre-
hension task; consequently, no pretest was administered.

Upon entering their classroom on the day of the study, Ss were randomly
assigned to one of four treatment groups. Each treatment group received a
different set of materials. Ss in the instruction groups received the com-
Plete set of instructional booklets described in Experiment I. Ss in the

no instruction groups received an instructional booklet with all
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instructional cues and examples removed. A1l Ss began work on the program

.at the same time and were instructed to record the time on their answer

sheets and raise their hands when they were finished. A proctor displayed

the time at 0.25 minute intervals throughout the program and posttest.
Following completion of the program, eachig's instrﬁctional booklet was re-
moved and replaced with a test booklet, answer sheet, and marking pen. The
time each S began the posttest was recorded on his/her answer shéet by a
proctor. Directions on the first page of the posttest booklet indicated

that Ss were to work as quickly as possible without sacrificing accuracy.

:Ss recorded the time they finished the test on their answer sheets; they

were free to leave as soon as pioctors collected their test materials.

Criterion Measures--Posttest time and accuracy were recorded for each

S, as described in Experiment 1.

pata Analysis--The posttest-only control group arrangement resulted in

a 2 x 2 factorial design, with 9 Ss in each of the 4 cells. Analyses of
variance were used to determine the jndividual and combined effects of in-
struction and feedback contingency on posttest scores and posttest times.

Each of the analyses was evaluated at the .05 level of confidence.
Results

Tables 7 and 8 show a significant main effect for instruction on the
posttest scores (F = 8.91, df = 1/32, p < .01). Ss in the groups receiving
instruction, regardless of the feedback contingency employed, scored an
average of 5.66 points higher on the 36-item posttest than S in the no_in-
‘§truction conditions. Differences in posttest time were not statistically

significant, as shown in Tables 9 and 10. An inspection of individual S
19
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TABLE 7

Posttest Mean Scores (number correct of 36 possible points)

|

Feedback Continaency
Response STide-use

Instruction_ Contingant Contingent
Instruction , 25.41 21.n
No Instruction - 16.44 15.64
Totals - 21.05 18,72

N =9 per cell

TABLE &

Analysis of Variance: Posttest Scores

Source of Variation MS

Instruction 592.00
Feedback Contingency 49.00
‘Instruction X Feedback 21.74

Within 59.37
Total 71.43




TABLE 9

Mean Posttest Times (minutes) by Treatment

Feedback Contingency .

. Response Siide-Use
instruction Contingent Contingent Totals
Instrdction 12.11 12.17 12.14
nNo—In%truction 13.31 11.08 12.19
Totals 12.71 11.63 - 12.17
TABLE 10

Analysis of Variance: Posttest Times

Source of Variation MS. DF F-Raﬁio
Instruction N3 1 .00 NS
Feedback Contingency 10.56 1 .33 NS
Instruction X Feedback 11.67 1 .36 NS
Within X 32.18 32
Total . 30.06 35
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performance scores revealed that only 7 of the 3b Ss exceeded the minimum
performance level of 90% correct on the posttest. A1l 7 of these Ss were

in treatment groups that received instruction.
Discussion “

Experimént I1 was conducted to investigate the individual and Eombined
effects on instruction and feedback contingency on the speed and accuracy
of learner posttest performance. The results indicated a significant ef-
fect for instruction; neither the main effect for féedback contingency nor
the instruction X feedback interaction were statistically significant.
However, the generality of these results were quite limited by the fact
that less than 40% of the learners receiving instruction exceeded the mini-
mal performance score of 32 on the 36-item posttest. These results suggest
that the aircraft instrument comprehension prograr may not be effective in
attaining the task objective with relatively naive learners. However, an
incentive was not srovided for the learners to “try their best" on the
materials; this may have been responsible for the 1ow overall performance
that was observed. Additional data with similar learners is obviously in-

dicated in order to clarify these amhiguous results.
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EFFECTS OF INSTRUCTION AND- PRACTICE
EXPERIMENT III

The results of Experiment I jndicated that practice and incentive do

« niot. significantly enhance the accuracy of learner posttest responses on the
| éircraft instrument comprehension task. Based on these results, it was
l'~suggested that 1nstrUft1on may be a major factor in mintaining h1gh post-
%éstquriormance levels. However; the learmers in that experiment ‘were
‘-51reidy reasonably proficient at performing the task being taught, as indi-
7 -cated by the1r high pretest scores. Perhaps practice would significantly
e 79nhance posttest performarbes in cases where learners were not familiar nfg

thh;the task. The purpose of Experiment 111, therefore, was to determine

the- individual and combined effects of instruction and practice on the

- .
o mmy
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posttest performances of relatively "naive" learners.

Method

Subjects--Fifty-two undergraduate students enroiled in an educational
psychology course at Arizona State Universjty during the spring semester ?

of 1974 served.

Materials--The materials in this study remained jdentical to those de-

scribed in Experiment II.

Procedures--Upon entering their classroom on the day of the study, Ss
» were randomly assigned to one of four treatment groups. Each treatment

?5? group received a different set of materials. The instruction and practice

and practice items intact. The instruction only group received :

8 group received an instructional booklet with all instructional cues,

examples,

VA




-an instructional booklet with all the practice items deleted. The no

practi ée-ho instruction greup received only a posttest booklet; Ss did not

receive instructional cues, exaitples, or practice items.

A11 Ss received oral instnic‘tions indicating that they were -partici-

;’pa'ting in ér_{ experiment, and that they would receive. extra credit toward -

" their grade in the course in return for their participation. Also, the.

ﬁrét page of each instructional booklet indicated that Ss could earn up to
m‘ne points of extra credi't if they responded quickly and aécu'rate]y:or a

subsequent posttest. The instructions -aiso indi cated that various types of

. matenals had been distributed aid that each S wou]d ve competmg for extra

credit on]y anamst other Ss that received the same mater.als.

The last page of each instructional booklet di rected S to record the
time he had finished his booklet (as displayed on the time card he]d by a

_ proctor at the front of the room), and to raise his hand so that a proctor

could -collect his materials. The proctor checked the comp]’e_tion time S had

listed, go]'lecteq the materials, and instructed Ss who had taken the post-
test that ,they could leave. Ss who had completed a version of the instruc-
tional program were given a copy of the posttest by the proctor, who

recorded S 's starting time. When Ss finished the posttest. he recorded his

completion time, had his material collected by a proctor, and was dismissed.

Criterion Measures--The criterion measures remained identical to those

described in Experiment I.

Design and Data Analyses--The posttest-only control group arrangement
const’ituted a 2 x 2 factorial design. Analyses of variance were made to

determine the individual and combined effects of instruction and practice
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on posttest scores and posttest time. The results of each analysis were

evaluated at the .05 level of confidence.
Results

Table 11 shows the mean posttest scores by treatment. The mean score
for—grdups receiving iﬁstruction was almost 14 points higher than the mean
score for groups not receiving instruction. Differences in mean scores be-
tween grdhps receiving practice and groups not receiving practice was less
thén oﬁe po%nt. A two-way analysis of variance (Table 12) revealed a
statisticaiiy significant difference attributable to instruction (F = 82.62,
df = 1/48, p < .ooi). F-ratios'for'bractice and the practice X iiicentive
iqteraction were not statistically significant. A further inspection of
the posttest scores revealed that 11 (42%) of the Ss in ihe group that re-
ceived instruction exceeded the 90% minimum performance level established
‘for the task.

Mean posttest times b& treatment are shown in Table 13. Table 14 in-
dicates that the F-ratios for instruction, practice, and their interaction

were not statistically significant with respect to posttest time.
Discussion

Learners that received instruction scored significantly higher on the
pos ttest than learners who did not receive instruction. Neither éhe pre-'
sence of instruction nor the combination of instruction and practice
significantly enhanced Tearner performance beyond the effects attributable

to instruction alone.
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TABLE 11,

Posttest Mean Scores {number correct of 36 possible points) by Treatment

Practice

Instruction )
Practice No Practice

Instruction 28.07 31.53
N Instruction 16.61 15.07

Totals 22.34 23.30

TABLE 12

Analysis of Variance: Posttest Scores

Source of Variation SS

Instruction 2534.02
Practice 12.02
" Instruction X Practice  -81.25

Within 1472.16

*n < .001
B %«
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TABLE 13

Mean Posttest Time (minutes) by Treatment ' .-

Practice

AInstruction Totals =
‘ Practice .- No Practice N

-

Instruction 1365 : 15.51 14.58 -

7. No-Instruction 13.30 15.01 1415 i
“o 0 Totals 13.47 15.26 4.3

TABLE 14

. .
Fel e KL Soes

Analysis of Variance: Posttest Times

3

F-Ratio

- Source of Variation SS df

—h

2.32 0,13 NS

Instruction 2.32 :
11.58 2.50 NS

——

S Practice’ 41.58
0.08 0.01 NS .

——

v Instruction X Practice 0:08
Within 797.44 48  16.61 i
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‘1hesé~iesu1ts hardly seem surprising. Instruction should enhance the

2 e it PR v SR VL

?,\;' .performance of learners beyond that of learners who do not receive such

AR

‘instruction. What is significant about these findings, however, is the
pattern of results that is beginning to emerge from the three stﬁdieé that ff
héve been considered thus far. Instruction, when it is weil-degigned, .:gi
appears to be a variable of such impact that it leaves little room for im- o
erovement. in learner performance that might be attributable to oéher refine-
ments such as practice, incentive, and feedback. | ' jﬁ

Feedback is a particulariy interesting case in point: Recent year§ A:
have prodiced a plethora of research in the area of feedback effects on . ‘if
learner performance (cf. Anderson, 1967; Annett, 1969;.Briggs and Hamilton,

1964; Gagne and Rowher, 1969). And, the results have been far from con-

sistent in this area: feedback sometimes enhances performance over Lt

0w

learners that do not receive feedback during instruction; frequently it

does not. Relatively few of these studies, however, have employed systema;

. Lot
ST Bed e deie

tically developed instructional materiais (Higgins, 1972). It may be that

the effectiveness of feedback in enhancing learner performance varies
directly with the degree to which materials are systematically designed to . :

ensure learner attainment of prespecified instructional objectives.



EFFECTS OF FEEDBACK AND INSTRUCTION
EXPERIMENT IV

Experiment IV was conducted to determine the individual and combined
effects of instruction and feedback in the aircraft instrument comprehen-
sion program. Two ievels of instruction were investigated (presence aﬁd
absence), along with two levels of feedback (also, p?esence and absence)..
If instruction is a variable of sQEh import that it negates fhg effective-
ness of feedback, as indicated in the above discussion, then feedback
should be observed to enhance learner performance only in the absence of

instruction.
Method

Subjects--Sixty~three junior and senior college stuaenfs, enrolled in
the Air Force Research Officer Training program at the Univergity of
Arizona, served as the subjects in this study. A1l Ss had previously taken
the Air Force Officer Qualifying Test.

Materials--A11 materials remained identicai to those reported in the
previous experiments.

Procedures--Ss were divided between two experimental sessions. During
each session Ss were randomly assigned to one of four treathent groups:

instructicn and feedback, instruction and no feedback, feedﬁack and no in-

struction, or no feedback and no instruction. Performance incentives

contingent upon both speed and accuracy of S's posttest responding were
" identical to those described in Experiment I. Ss were informed of the in-

centives through oral directions given at the beginning of each

29
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experimental session. The incentives were identical for all treatment
Qroups. |

At the beginning of the session, Ss were given general cral directions
about the study, a 9-item pretest, and an IBM response sheet. Following
completion of the pretest, all Ss were given the instructional program
booklet and either a chemically treated or nonchemically treated response
shegt. Each S received a special marking pen regardless of the nature of
his response sheet. The feedback groups were instructed to mark the chemi-
cally treated respbnse sheet as many times as necessary to reveal the KCR
for each practice item in the program. A standard time 1apse of 0.25
minute intervals was displayed for all Ss. As Ss completed the instruc-
tional program, proctors monitored each S's recording of his completion
time, picked up program materials, and distributed the criterion test.

Criterion Measures--The criterion measures were identical to those

described in Experiment I.

Design and Data Analyses--The pretest-posttest experimental arrange-

ment constituted a 2 x 2 factorial design. Analyses of variance were made
to determine the individual and combined effects of instruction and feed-
back on posttest performance and postiest time. The results of each
analysis were tested at the .05 level of confidence. Group means on the
pretest were evaluated using an analysis of variance to determine the
similarity of treatment groups. Ss who received a score of seven or more

on the pretest were considered to be proficient on the task prior to the

experiment and were eliminated from all data analyses reported.




Results

The mean score for each group on the 9-item pretest is shown in Table
15. No statisitically significant differences were observed in pretest
Scores across the treatment groups (Table 16).

The mean score for each group on the 36-item criterion test is shown

jn Table 17. The mean score for the instruction group was approximately 4

points hjgher than the no instruction group; the feed§a9k~group scoreq
aﬁout 2. .points higher than the no feedback group. An analysis of these
scores revealed a significant &jfference for instruction (F =4.73, df =
-1/37, p < .05); differences for either feedback or the instruction X feed-
back interaction were not éignifiéant (Table 18).

Mean times required for each group to complete the posttest are re-
ported in Table 19. The mean time for the instruction groun, 7.14 min,

was less than the mean time of 8.21 min for the no instruction group. The

mean time of 7.93 min for the feedback group exceeded the mean time of
7.30 min for the no feedback group. A two-way analysis of variance (Table
7)) again revealed a significant difference for instruction (F = 4.45,

df = 1/37, p < .05), but no significant differences for either feedback or

t
wat

the instruction X feedback interaction were observed.

ST G T P A
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L Discussion

?ﬂ> The results of Experiment IV indicate that instruction ehances both

the accuracy and the rate at which the learners responded to items on the

posttest. ‘However, the anticipated interaction between feedback and in-

struction was not obtained. Feedback did not enhance posttest performance

-
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TABLE 15

" Mean. Pretest Scores‘(number correct of 9 ﬁossib]e points) by Treatment

. Feedback .
In§truction ‘ Totals
Feedback _ No Feedback
" Instruction 5.88 5.44 5.66
No Instruction 5.53 5,50 5,52
Totals 5.70 5.47 5.59
N =16 per cell
)
TABLE 16
Analysis of VYariance: Pretest Scores
Source of Variation SS df m F-Ratio
“Instruction 0.32 1 0.32 .13 NS
‘Feedback. ) 0.89 1 0.89 0.37 NS
Instruction X Feedback 0.65 1 0.65 0.27 NS -

Within 142,82 60 2.39
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£ TABLE 17

Mean Posttest Scores (number correct out of 36 possible points) by Treatment

3 Feedback
g Instruction ' Totals
) Feedback No Feedback
. Instruction 32.32 3173 32.06
No Instruction 31.67 25,24 © 27.84
.. Totals 31.99 28.48 29,95
TABLE 18
;, Analysis of Variance: Posttest Scores*
. Source of Variation SS df s F-Ratio
Instruction 18.05 1 18.05 4.73%
‘. Feedback 8.69 1 8.69 2.28 NS
‘ Instruction X Feecback 5.07 1 5.07 1.33 NS
Within - 140.99 37 3.81
*p < .05
33
e




TABLE 19 -
Mean Posttest Times (Minutes) by Treatment ,&‘\
Feedback
Instruction . ‘ Totals
AR Feedback No Feedback
'5;5. -
Instruction 7.18 7.1 ‘ 7.14
: ‘No- Tnstruction 8.68 7.50 : 8.21 :
T Totals 7.93 7.30 7.61 X
TABLE 20
] Analysis of Variance: Posttest Times ;
Source of Variation _SS. daf Vs F-Ratio
Instruction .89 1 .89 4,45 NS
Feedback .39 1 .39 1.95 NS
¢
- Instruction X Feedback .30 1 .30 1.50 NS
i, Within 7.75 37 .20
*p < .05
- 34 a8




even when instruction was withheld from the learners. These results serve
to further reinforce the idea that instruction is the predominant variable
controlling learner performance in the aircraft instrument comprehension

task.
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GENERAL DISCUSSION

The results of Experiments I-IV are summarized in Table 21. The most
salient conclusion that emerges from these data concerns the overpowering
effect that instruction alone has on learner performance of the aircraft

instrument comprehension task. In Experiment I, the treatment group that

-simply read the instructional materials had a mean score of 34 on the 36-

item posttest. Such a high mean score left little room for improvement
that could be attributed to either the practice or the incentive vériab]e.

In Experiment II and III; no significant differences were found for
either feedback or practice; instruction alone was responsible for the
observed differences in mean treatment group scores. And, this pattern
continued in Experiment IV, where feedback failed to contribute signifi-
cantly to posttest performance--even in the treatment group for which in-
struction was withheld.

The present research points to instruction as the variable of singular
importance in designing effective mzterials and procedures to facilitate
desired learning outcomes. This findiny, though hardly inconsistent with
common sense, provides a firm empirical foundation for an assumption that
permeates all systematic instructional development efforts--instruction
does indeed make a difference. However, instruction per se is not a unitary
variable. Rather, instruction is a constellation of variables such cues, '
rules, examples, prompts, fading, successive approximations, information
redundancy, etc. Clearly, the path is marked for isolating the critical
variables that constitute effective instruction. The research strategy
outlined in the present experiments of beginning with an effective

36 40




AR SR Faea o of 68 BTv .‘.4:...,.‘::. ,v\.:.«J\..\,;..i:.i‘i,\f..,laé,wd~,.’A:,x/..,.::n.
P N 4 SRR B ; § N FRO BEAY

ReENL § pep g B et

[
. w
'

.

. .
' -

C oL *3J4ay pajuasaid saLpnis 4nos ay3 jo Aue UL pau 340 S43M suolidedajul juedtjubLs ou
$31qe] SLyY3 UL S309}4d uoijoeudjut burjuaodad uoj spew St uoLstAoad oN *Apn3s ayz Ul JURISUOD P{IY “SeM 3| qeLldBA 3Y3 *

jey3 9jeolpuy (---) saysep I3yl fquedLylubLs Jou auam sdnoab Duoure paAudsqo sI0UBUBILP BYF FRYJ SSIEILpuUl |30 e .
> UL SN .umwvypm S| qeLeA 9y} O Yoed 40) pajudsaud ade ajed pue Adoeandde y3oq UO IDUBLIBA JO sasAleue 10 sj{nsad ayp
SN " SN Go*>d Go°>d === --- § === === sispe) J10ddv |. Al

--- --- SN 100" >d === --- SN SN sjuspnlS uoijednp3 !
ajenpeJy NSY 111

™~

™
: .
L SN SN SN Lo*>d --- --- --- --- | s3uspn3s uoy3ednp3 <t
, ajenpedy ASY I1 :
-1 - --- --- L0o*>d [. SN 100" >d SN s39pe) 31044y I M
a1ey | Adeandoy) 93ey | Adednddy a3ey | Adeanddy ajey* t Adeuanddy s303fqng JuswW LA3dX] :
¥oeqpaay uo139n43 Sul, 3A 13 UadU] 3J1308e4d :
paipnis S9Lqeluep ) .

}Sej UOLSUIYSAdWO) JUBWNUFSUT FJBUD LAY BU3 U0 Al - 1 sjuswi4adx3 0 Aseumns

12 318Vl | .

a

. P

¢ oty Saior b My Bey v, mnesenn s R R R R AR RN S R AR P v N e h




{;‘ihstﬁugtiohgi_product should provide a prototype for such fufure en-

“deavors.

" Although the present research points the way to a detailed fuiictional

_"angjysissqf‘instructibnalvyarigbles, it is not clear at present whether the

Tésults of these studies can be:generalized to tasks of greater complexity

,'fhanuthe aircraft instrument comprehension task. Perhaps inStiﬁétion‘is

‘not g.fqhdaMEnta] determiner of leafhgr;performance on- tasks whi@p-féquire

_ -2 shaping-of more complex response répertoires, as in the skills we.com-

nnniy relegate to the psychomotor domain. Clearly, more research is_needed

in this area to determine the bouidary conditions of the effects instruc-
tion has in controlling learner-behavior.

The following supporting documents are in the R & D Case File at
Flying Training Division, Air Force Human Resources Laboratory, Williams
Air Force Base, Arizona 85224:

Higgiﬁé, N. C. Aircraft Instrument comprehension program: FormrB. (AFSC

Contract No. F41609-71-C-0027, Task Order No. 3) Tempe. Arizona:
Arizona State University, 1973.

Higgins, N. C., and Kearns, D. R. Validation report: Aircraft instrument
comprehension: A self-instructional program: Form A. (AFSC Contract
No. FA1609-71-C-0027, Task Order No. 3) Tempe, Arizona: Arizona State
University, 1973. :

Higgins, N. C., Kearns, D. R., and Tenpas, B. G. Validation report: Air-
craft instrument comprehension: A self-instructional program: Form
B. (AFSC Contract No. F41609-71-C-0027,.Task Order No. 3) Tempe,
Arizona: Arizona State University, 1974.

Kearns, D. R., Tenpas, b. G., and Higgins, N. C. Aircraft instrument com-
prehension test: Form B. (AFSC Contract No. F41609-71-C-0027, Task
Order No. 3) Tempe, Arizona: Arizona State University, 1973.
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Attitude Indicator-Pitch

The instrument labeled attitude indicator shows whether the
airplane is climbing or divirg. This instrument also shows
the degree of bank to the right or left. ’

The small aircraft silhouette in this instrument remains
stationary. The position of the heavy black line, representing
the horizon, varies with the airplane's position.
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When the airplane is If the airplane is If the airplane is
lying level, the climbing, the silhouette diving, the horizon
horizon line will be is seen between the 1ine will be between
directly on the air- horizon line and the the silhouette and
craft silhouette as triangular pointer. the pointer.

shown above.




_The airplane in Figure A is
*climbing on a northwest heading.

The horizon line is below

the aircraft silhouette in

the attitude indicator. The
arrow in the heading indicator
is pointing midway between the
N and the W.

The airplane in Figure B is
diving on a southeast heading,

s The horizon line is above the
< aircraft silhouette in the

= attitude indicator. The

o arrow in the heading in-
dicator is pointing mid-

way between the S and the
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Which of the aircraft pictured bélow is in the position
shown on the instrument pancl?

Mark your choice oppos1te item number 4 on your
response sheet,
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APPENDIX C
Sample Posttest Item
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Sample Posttest Item
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